Financial stringency has been an increasing concern to public higher education in Europe, as this sector has become one of the potential areas for cuts in public expenditure, 
Revenue Diversification in Public Higher Education:
Comparing University and Polytechnic Sectors
Introduction
One of the dominant issues in recent years in public higher education in Europe, as much as elsewhere, has been that of financial stringency (Johnstone and Marcucci, 2010) . The current financial crisis has exacerbated the prior debates about the sustainability of the welfare state and undermined the traditional financial reliance of European higher education on public funding (Barr 2004) . The growing financial needs in areas such as healthcare and social security have forced many governments to rethink their financial engagement in other areas and higher education has become one of the potential areas for cost containment (Barr and Crawford 2005) . Thus, many public Higher Education Institutions (HEIs) have been facing a financial outlook of declining public support.
This has created an increasing pressure upon public HEIs to reduce their reliance on public funding by diversifying their revenue structure (Zidermann and Albrecht 1995; Teixeira and Koryakyna 2010) . However, there is very limited knowledge about the institutional characteristics that may explain those apparent differences in their ability for diversifying their funding structure. Existing studies indicate that the success in attracting alternative resources is neither simple, nor accessible to many institutions. Like in other aspects of higher education, a kind of Matthew effect (Merton 1973 ) may come into play, with the strongest institutions being the most successful in attracting additional non-public revenues and these new sources of funding being channelled to a small number of institutions (see Estermann and Pruvot 2011) . examined. The remainder of the paper is structured as follows: In the following section the contextual trends towards revenue diversification in European public higher education is briefly reviewed. In section 3 there is the analysis of the specific situation of the Portuguese move towards greater cost-sharing and revenue diversification in higher education. Section 4 presents the empirical strategy and describes the data used in this study. Section 5 presents and discusses the empirical results. The text concludes in Section 6, with some reflections about possible implications of the results.
The Move towards Revenue Diversification in European Higher

Education
HEIs face today a demanding and complex financial context in which public modes of funding have been transformed and became more demanding and competitive (Herbst 2006; Johnstone and Marcucci 2010) . After several decades of expansion, governments are currently less willing to put additional resources in public higher education system, which becomes even more problematic due to the increasing trends on the cost side (e.g., Barr 2004; Docampo 2007) . A possible explanation for rising costs lies in the emphasis on research universities, as the role model has definitely contributed to enhance this trend, as suggested by the American experience where the increase in cost has been far more pronounced in research universities (Clotfelter 1996; Geiger 2004) . Another important factor has to do with the nature of higher education as a labour intensive activity and the fact that institutions seem unable to benefit in large scale of the kind of productivity enhancements typically associated with the goods-producing sectors of the industrialised economies (Archibald and Feldman 2010). i This financial context has led to greater concerns with the level of external and internal efficiency of the system (Teixeira et al. 2004) . Like in many other public services, in recent years it became a rather common statement that HEIs should be more efficient in the use of taxpayers' resources (Pollitt and Bouckaert 2011) . These rising concerns with efficiency have had a clear impact in the relationship between HEIs and their main financial provider, which has been visible in changes in the funding of public higher education in Europe and the growing popularity of performance-based funding and contract funding (e.g., Chevaillier and Eicher 2002; Liefner 2003) . Underpinning these changes has been the expectation that it will promote greater efficiency of the institutions, namely by enhancing competitive stimuli within the system. Hence, European public HEIs have been under pressure to diversify their revenues.
Revenue diversification has been defined as the generation of revenues beyond government appropriation through commercialization of research, technology transfer, consulting, lifelong learning and customized courses, generating funds from assets and alterations in financial decision-making and management as well as other activities (Ziderman and Albrecht 1995) . Revenue diversification activities include aspects such as instructional initiatives (e.g. test-preparation courses, lifelong learning programs, workforce retraining, distance education); research and analysis initiatives (e.g. technology transfer offices, business partnerships); franchising, licensing, sponsorship, and partnering with third parties; initiatives in auxiliary enterprises, facilities, and real estate; and development office initiatives (e.g. appeals to donors and other efforts). The trend towards revenue diversification also underpins the introduction of cost-sharing in many higher education systems (Johnstone and Marcucci 2010) .
ii Another potential source of revenue has to do with a greater engagement with external stakeholders, which has not been restricted to financial issues but it is part of a broader trend in higher education policy (Middlehurst and Teixeira 2012) . University-industry cooperation has become of high relevance on the European political agenda and is supported by several supra-national initiatives, though the findings of a study on university-based research funding indicate that business investment in HE research in the EU is not yet very significant (EUA, 2005) . A related potential source of revenue is Philanthropy, which has a long history in connection with higher education in the United States and in recent years has started to be explored in Europe as well. A new development is the spread of American-style endowment campaigns and an increasing number of universities have turned their eyes on their alumni, with many setting-up development offices and creating extended databases of their graduates (see Estermann and Pruvot 2011) .
However, not all HEIs are likely to be equally successful in their attempts to diversify revenues and to attract non-public sources. Some institutional characteristics may help or hinder in that respect, though our knowledge is still very limited in this respect. The few existing studies have tended to give particular attention to research funding and its institutional distribution. For the case of the US, the analysis by Ali et al. (2010) of the link between research funding and institutional characteristics indicated that grant distribution was a function of institutional specificities. In his analysis of research funding in Europe, Geuna (2001) noted that there has been a move toward contract-funding and an increasing relevance of funding from businesses, non-profit organizations and international sources. Moreover, his study has also observed signs of an increased concentration of resources and an exacerbation of the impact of cumulative and self-reinforcement phenomena already present in the process of scientific production.
Hence, although most institutions are aware that they face a more competitive and diverse financial scenario, not all of them will be on equal standing to tackle that challenge.
Some institutions are likely to be more successful, due to aspects such as their reputation, their size, their disciplinary profile, their location or their mission orientation. We need to deepen our knowledge about those factors, especially to understand the possibilities and limitations faced by many institutions and the potential impact of the current trends in funding policies in re-shaping the higher education landscape in Europe. In the following sections these issues are analysed by looking at the Portuguese public higher education system, which like many European systems has faced in recent years significant pressures towards revenue diversification.
Revenue Diversification in Portuguese Higher Education
Portugal has been part of the discussion about funding changes and revenue diversification, not the least due to the fast and belated expansion of its higher education system. Portuguese higher education remained rather small and elitist until the mid-eighties (Teixeira et al. 2006) , but by then the social and political pressures for expansion became very strong and the system has expanded massively both in number of institutions and in enrolments (see table 1). Thus, the expansion of Portuguese higher education took place in an international economic and political context of debate about the reform of the welfare state (Barr 2004) and far less favourable to an exclusive reliance on public funding.
Table 1 here
The evolution of funding in Portuguese higher education followed wider European trends by placing greater emphasis on issues such as formula funding's criteria, competitive funding and revenue diversification. Since the late eighties the funding of public higher education was organized through a funding formula that was proportional to enrolments and incorporated other cost parameters such as the study area and type of institution, though in more recent years there has been a growing political willingness to introduce output indicators regarding graduation rates and research performance of each HEI (see Rosa et al. 2009 ). Recent years also signalled the political adoption of a more hybrid view regarding higher education funding sources. In the late nineties it was introduced as one of the guiding principles of the funding of public higher education that of complementary funding, meaning that institutions should find additional sources to public funding sources of revenue. In 2003, a new funding law was passed and it became more explicit the emphasis on diversification of funding sources. Subsequent financial regulations would consolidate the incentives towards revenue diversification, namely through a preferential treatment of those institutions capable of generating more revenues.
This view about the role of students' contributions made its way through the development of cost-sharing. Until the early nineties the level of tuition fees in public institutions remained very low (about €6 per year). In 1992, a new tuition fees system was established, meanstested and with far more significant values (about €300 annually), though still low by international standards. Despite significant students' protest and political turmoil, with various ministers of education having to resign under the pressure of those protests, the situation eventually settled. In 2003 variable fees were introduced, with a minimum amount equal to 1.3 national minimum salaries and the maximum amount updated each year according to the Consumer Price Index.
Table 2 here
The last two decades have seen not only the consolidation of cost-sharing, but also the development of revenue diversification, due to increasing financial constraints on public expenditure. Looking at table 3, over the last decades the funding of higher education in Portugal has evolved towards greater reliance on the institutions' capacity to find alternative sources to government transfers. By making institutions more autonomous, governments have increasingly stressed their responsibility to diversify their revenues. The main source among those ones has been the rising role of tuition fees, though other areas such as research funding, EU programs, and the commercialization of services, have all gained increasing relevance. In the following sections the effectiveness of institutions regarding their ability to diversify their funding structure is analysed, under such changes on funding regulations. 
Data and Empirical Strategy
In order to study which factors may explain the success of HEIs to attract revenue from non-governmental sources, the situation in the university and the polytechnic sectors is compared to assess to what extent each type of institutions has shown a particular advantage in revenue diversification. The polytechnic sector was created with a stronger regional orientation and aiming at developing stronger links with the business sector, hence it could have some advantage in this regard. On the other hand, the university sector is older, has stronger academic and social visibility and could use the additional reputation in developing postgraduate programs (which charge higher fees) and in selling their expertise. Data is collected from 30 Portuguese public HEIs (15 universities and 15 polytechnic institutes) for the time period 2003 to 2009, which will be explored through panel data models to search for a potential different effect of each of the factors analysed over time, after controlling for the sub-sector of HEIs (polytechnic versus university).
Empirical Model and Variables
For the analysis two different model specifications are adopted. A separate analysis of those factors explaining revenues from tuition fees and other non-public revenues is performed, since the relevance of each factor may be different for each of these types of revenues. The first model estimated considered the real value of tuition fees obtained by each institution in each year as the dependent variable and the second the real value of own revenues. The explanatory variables considered were the composition of enrolled students in undergraduate and postgraduate programs, the qualification of academic staff (measured by the number of PhD staff in the institution), the subsector where the institution operates and also the regional background where the institution is located, namely the population of the region and the respective purchasing power (see table 4 for a better description of variables).
The explanatory variables used reflect what we have considered to be the major possible factors explaining different institutional effectiveness in revenues diversification. As regards tuition fees we have considered undergraduate and postgraduate students separately since the level of fees paid by each group tends to differ significantly (less than 1,000€ for undergraduate students and around 3,000-5,000€ for postgraduate programs). Moreover, the capacity of institutions to attract these students seems to be somewhat different. In the case of undergraduate students geographical proximity seems to be a critical factor, where in the case of postgraduate programs reputation clearly becomes a more important factor (see Teixeira et al. 2009 ). A larger number of post-graduate students is likely to reflect a stronger social reputation of an institution, which in turn is expected to be an important factor to an institution's ability to attract other types of revenues.
Another important explanatory variable for the ability of HEIs to accumulate higher revenues from tuition fees is surely the size of the institution, since larger institutions will be able to raise more revenues from tuition fees. In terms of own revenues, the number of undergraduate students is not expected to have any direct and relevant effect per se on the capacity of an institution to accumulate this type of revenues.
The qualification of the academic staff is expected to contribute positively to the HEIs' ability to generate revenues from both tuition fees and other sources, since it will promote a stronger reputation of the institution. Regarding tuition revenues, the effect may be even more important by attracting more postgraduate students (which also pay higher fees), since they will be more attentive to the research reputation of the institution. Consequently, the expectation is that institutions with a more qualified academic staff will be more able to generate higher revenues from tuition fees and other different sources.
Finally, we have considered how the regional background may impact on HEIs' ability to diversify their revenues. Regarding the regional population, the expectation is that institutions located in more populous regions may have higher levels of enrolments and thus accumulate more revenues from tuition fees. However, institutions located in densely populated/low income regions may obtain lower revenues from student fees than institutions located in less populated/high income regions. Accordingly, the population with 15 to 64 years old in the region, as well as per capita purchasing power in the region where the institution is located, were considered as proxies of, respectively, the effect arising from the dimension of the population in the region and from the regional purchasing power. Regarding the effect on own revenues, population and purchasing power of the region are both expected to have a positive effect on the level of revenues, since population, combined with the purchasing power, may represent indirectly part of the demand for goods and services in the region. However, one must be aware that HEIs do not work only at a regional level, rather working increasingly at a national and international scale, which may weaken the influence of the regional factors.
The models were explored by constructing a database in a panel format that enriched the analysis relatively to a study using only cross-sectional or time-series data. Panel data provides more informative data and greater efficiency in the estimations, allowing us to control for HEIs' unobserved heterogeneity and studying the dynamics of adjustment over the time (Baltagi 2005) . Linear panel data models were considered, namely the fixed and random effects models. Time fixed effects were also controlled for. Additionally, interactions between the considered explanatory variables and both time and subsector were also investigated.
According to some post-estimation tests (namely Hausman test), random effects panel data models were found to be more suitable in our estimations, allowing us to account both for the variability of repeated measures over time (within variation) of the same HEI and for the variability between institutions (between variation). Actually, a previous analysis of data regarding the within and between variation of each variable allowed observing that the institutions under scrutiny were very dissimilar, not only within each subsector (university and polytechnic), but even more between subsectors. As a result, a statistical model able to account for both within and between variation, would be the most appropriate (Greene 2002, 295; Baltagi 2005, 17) . Accordingly, the following equation is estimated:
where, y it is the dependent variable -real value of tuition fees or real value of "Own revenues"
of institution i at time t (according to the specification used to estimate (1)), α is the intercept term, common across the institutions included in the analysis, while X it is a vector of explanatory variables (see table 4 ). The two remaining components correspond to a composite error term, where ε i is the cross-section, or institution-specific, error component and u it is the combined time series and cross-section error component. The error components were assumed to be not correlated with each other and not correlated across both cross-section and time series units. 
Dependent Variables
A brief presentation of the evolution of the dependent variables follows. Figure 1 and 2 depict respectively the evolution of the average real value of tuition fees over time and the share of tuition fees in total current revenues. In absolute terms large differences between universities and polytechnics are observed, as the real revenue from tuition fees (and other small fees) for universities was more than the double than that for polytechnics. However, the differences among subsectors almost vanished when this variable was analysed in relative terms (figure 2), except for the most recent years. On average, tuition fees corresponded to 14% of total current revenues in universities and 15% in polytechnics. Figures 3 and 4 present respectively the evolution of the institutions' own revenues over time and the share of own revenues in total current revenues. Figure 3 indicates that the ability to attract non-public revenues is much more significant for Portuguese public universities than to the polytechnic sector. According to figure 4, and contrasting to the case of tuition fees, those revenues still present significant differences between those two sectors considering their relative weight in the total institutional revenues. Moreover, these disparities between subsectors persist over time and seem to become more pronounced at the end of the period analysed.
Figures 1, 2, 3 and 4 here
Explanatory Variables
As explained above, one of the main variables considered to explain tuition fees and other non-public revenues in the number and the type of students. Looking at the evolution of the composition of enrolments a clear increase in the number of postgraduate students is observed, both in absolute and relative terms (figures 5 and 6). Although the increase was felt in both the polytechnic and university sectors, large differences persist with the former still lagging behind the university sector. In particular, postgraduate students corresponded to 4.4% of the total number of students in polytechnics and 18.5% in universities in 2007. The effect of postgraduate students may therefore be a potentially relevant factor to explain part of the difference between these two sectors regarding revenue diversification.
Figures 5 and 6 here
Another potentially relevant factor is the qualification of the academic staff. Figures 7 and 8 depict the evolution of the academic staff qualification, both in absolute (total number of number of PhD professors) and relative (relative weight of PhD professors in total HEIs' academic staff) terms. Very large differences are observed among universities and polytechnics and these persist over time, with universities presenting a number of PhD professors several times larger than those found in polytechnics. This also reflects a different mission orientation and a much weaker emphasis on research among institutions belonging to the latter group. These differences may have an impact in generating other revenues through multiple ways, e.g., the development of postgraduate programs, the attraction of research funding, the reputation effect in consultancy and other services to society, just to refer some examples.
Figures 7 and 8 here
Finally, the issue of location is introduced to evaluate at what extent it may help or hinder the possibility of institutions to attract non-public revenues. According to figure 9
Portuguese universities tend to be located in more populous regions than polytechnics, suggesting that the former have a larger potential market for commercializing their teaching and research services. Moreover, figure 10 indicates that Portuguese universities are located in regions where the average purchasing power is above the national average, while the opposite is observed for polytechnics. Hence, this preliminary analysis of regional variables suggests that these may play some role in explaining differences in the sector's and institutional capacity to attract non-public revenues. Table 4 describes in detail the variables used in the empirical analysis, presenting as well some basic statistics for polytechnics and universities separately. In order to identify any potential significant association between the two alternative dependent variables -real value of tuition fees and real value of own revenues -and the explanatory variables presented above, a multivariable analysis was carried out. As a first step a univariable analysis of each explanatory variable was performed with each dependent variable. As a second step both forward and backward selection methods were used to obtain the smallest number of explanatory variables and to provide well identified models. In order to find if the effect of each variable varied with time or with sector (university or polytechnic), the interactions between those variables and the variables selected for the multivariable models were investigated. Finally, the regressions including the interactions that were found to have a significant effect in the previous step were estimated. In the final model the effect of each independent variable was obtained by controlling for all the others in the model.
´
Figures 9 and 10 here
Empirical Results
Factors Explaining Revenue Diversification through Tuition Fees
The empirical results for the model analysing factors explaining tuition fees revenues are and varied over time. For a polytechnic, the results indicated that on average an additional undergraduate student had a greater impact than for universities on the real value of the revenues from tuition fees. The effect of an extra student was not constant and increased during the period analyzed. According to the model, the number of postgraduate students was also positively correlated (P<0.05) with the total real revenues from tuition fees, which confirms our expectations that this type of students contributes significantly to this type of revenues, as postgraduate students typically pay higher fees than undergraduate ones. The interactions with time and subsector dummy variables were not significant and were not included in the final model.
Table 5 here
The interactions between the qualification of the academic staff and both the subsector of the institutions and time were statistically significant, yielding results in line with our expectations. The relevance of the qualification of the academic staff seems to be clearly more significant to the university sector than to the polytechnic one, reflecting the vocational orientation of the latter and the lower relevance of that factor to prospective students applying to the polytechnic sector. The effect of the qualification of the academic staff showed a negative trend over time period reflecting recent improvements in the qualification of the academic staff, especially in the university sector, which made the situation more similar across the system and attenuated its positive effect.
The analysis also indicates that, after controlling for other HEIs' characteristics, the regional variables have a small impact on the total real value of tuition fees. In the case of size of the population, the coefficient is statistically significant but its positive effect -which was already small in the beginning of the period -vanishes over time. In the case of regional purchasing power, the variable does not yield a significant impact, neither in the univariable nor in the multivariable analysis. This result suggests that, after considering other determinants, location seems to be less relevant for HEIs' capacity to raise resources through tuition fees, as other factors may be far more significant.
Factors Explaining Revenue Diversification through other Non-Public Sources
The empirical results for the analysis of the factors explaining differences between sectors in generating revenues from other non-public sources are presented in table 6 . From univariate analysis, results indicate that, as in the case of real value of tuition fees, the regional purchasing power is the only variable with no significant association with the dependent variable under consideration. Every other variables yielded the expected results. As expected, the magnitude of the effect arising from the postgraduate students is higher than that of undergraduate students, as the number of postgraduate students reflects the reputation of the institution and its ability to capture revenues other than tuition fees and governmental transfers. Regional population also impacts positively on the HEIs' ability to gather other revenues, as it works as an indication of the regional demand for goods and services provided by the institutions. Finally, unconditionally (i.e., without control for any other variables), universities per se on average seem to be able to collect about €12.3 million more revenues, in real terms, than polytechnics and the ability of HEIs to accumulate own revenues seem to have increased over time (about €330.000 more per year).
From multivariable analysis, after controlling from the several sources of observed heterogeneity among HEIs, the scenario seems to be very different regarding the factors that mostly explain the HEIs' ability to collect this particular type of revenues. The qualification of the staff seems to be the most important factor to explain HEIs' own revenues, suggesting that among the set of variables taken into account institutional reputation matters the most.
Additionally, the qualification of the staff is also highly statistically significant when interacted with time. The coefficient associated with staff qualification is positive regardless of the sector that the institution belongs to, since the coefficient of the interaction of staff qualification with the sector is statistically not significant. Regarding the interaction term Time*Staff_Qualification, the results point out that each additional year increased the effect arising from having an extra PhD instructor by approximately €1,050 in real terms. The results suggest that, after controlling for other determinants, the sector itself does not seem to be a major factor to explain the HEIs' ability to generate this type of revenues.
iv´ Table 6 here
Concluding Remarks
Public HEIs have been under increasing pressure to attract other sources of income that may complement their traditional reliance upon public funding, which has created a significant competition to attract other revenues through the commercialization of educational and research services. In this paper some factors that may explain the ability of public HEIs to accumulate revenues from different sources were analysed, namely tuition fees and other nongovernmental revenues. The results from the analysis of a panel data of Portuguese HEIs suggests that not all institutions seem be on equal standing when it comes to diversify their funding sources and that certain characteristics seem to be particularly relevant in explaining a greater capacity to diversify their funding basis through tuition fees and other non-public revenues.
The comparison has given particular attention to the differences between the polytechnic and the university sectors. There are differences when it comes to revenue diversification through tuition fees, but not when it comes to other revenues (when controlling for other factors). Although the polytechnic sector was created with a stronger regional orientation and aiming at developing stronger links with the business sector, location turned out to be less relevant than what is often expected in explaining HEIs' capacity to increase their revenues.
This suggests that attractive institutions are able to attract students and revenues regardless of certain location issues, though the size of the country may prevent the generalization of this result to a much larger country.
One of the leading factors explaining institutional effectiveness in revenue diversification for both tuition fees and other non-public sources seems to be the qualification and reputation of the academic staff. In the Portuguese case this has been relevant when it comes to revenue diversification through tuition fees since it enabled the institutions to develop postgraduate programs that charge higher fees. Moreover, it seems that the university sector, with its older academic credentials and stronger social visibility, could use its stronger reputation to develop pricier postgraduate programs and to sell its expertise to the private sector. It should be noted nevertheless that the higher level of qualification of the academic staff is also an additional cost that needs to be taken into account from a management perspective, especially since it has been pointed out as a major driver for cost escalation in other higher education systems.
Since it is widely expected that the trend towards greater revenue diversification will be enhanced in the coming years, it is important that we continue to explore the factors that may help us to understand the effectiveness of some institutions and sectors to diversify their funding sources. If our results are confirmed, it seems that we may be moving towards a greater differentiation in the financial condition of European HEIs. This will mean that some institutions will be able to put more resources in attracting qualified staff, thus reinforcing their financial competitive advantage, and in strengthening their (expensive) research credentials (which again will enhance their advantages). This will possibly lead to a significant reshaping of the European higher education landscape. Table 5 as their coefficients were found to be statistically insignificant. These were the only interaction variables that were found to be irrelevant after controlling for the remaining variables. Constant 8201386 *** (817641.5) * P-value < 0.1; ** P-value < 0.05; *** P-value < 0.01 2 R2-Within=0.4461; R2-Between=0.8924; R2-Overall=0.8728; N=180 for all models, except for the univariable analysis for the variable Staff_Qualification and the multivariate analysis (N=150), as data on staff is only that have greater difficulties in increasing their levels of productivity due to the limitations to replace labour by capital and technology (Getz and Siegfried, 1991) .
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ii Out of 27 EU countries (plus Norway and Switzerland), 18 currently charge tuition fees in public institutions and even traditionally tuition-free Nordic systems are experimenting it to non-EU students. Internationalisation is a relevant dimension in this respect since international students provide an increasingly important revenue stream. This is especially the case for those countries such as the UK that charge higher tuition fees to foreign students.
iii Regarding the multivariable analysis, only the results for the final estimated model are reported (Table 5) ,
omitting the results obtained in the intermediate estimations, as explained in the text, for the sake of simplicity for the reader. However, the results are available upon request to the authors.
iv Since all the variables were centred towards their mean, the constant term can be interpreted as follows: an institution with an average profile considering the number of postgraduate enrolments, total number of PhD Staff and regional purchasing power is expected to have earned €8,534,334 in real terms (the constant term plus the Time coefficient) in the first year of the sample, irrespective of the sector of the institution -university or polytechnic.
